AD-A125 927 LOCAL DEFECT ARRAYS AND PROPERTIES QF OXIDESCU /1
NORTHHESTERN UNIVJE\BIRggTON IL gEPT gF EgTE;lRLS SCIENCE
UNCLASSIFIED RRO 16748 11 MS DAARG29-8@8-C- 00 F/G 772 HL




A OF: Bt o Ji

T

F«. o oo
‘A s = a - -t

m"_‘-—-——l—q w 22
£ 20

| 1A
Hi2s i g .

=
B
d

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS -1963-A

SRS U U W S




v o DRI R T T T AR SNSRI SNgr TP Y
e e e - BEEPEVALITE Y, I 37w BAtER PR sl b

L i ' . - .
W T i T Taat A el heck N -"..‘.,\.. (xS ML A S R
.Y - Yy " - e g at LI S S/ S RS e A b B
‘. ,"‘ ',_" LI I ) T~atmltiatlalellae e otral e

. -

Unclassified
& SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEr A T e Foru |

. REPORT NUMBER 2. GOVT ACCESSION NO._? RECIPIENT’S CATALOG NUMBER

;[ 16740, 11-MS AP A 1269 2

. TITLE (and Subtitle)

S. TYPE OF REPORY & PERIOD COVERED
Final:

Local Defect Arrays and Properties of Oxides .
S. PERFOAMING ORG. REPORT NUMBER

%, CONTRACY OR GRANT NUMBER(s)

AUTHOR(s)

J. B. Cohen M. E. Fine DAAG29 80 C 0035

D. L. Ellis T. 0. Mason

PERFORMING ORGANIZATION NAME AND ADORESS . RROCRAL | u'.'s.‘is:r’r.“ ’UI.O.J:&T.-TA“. =

Northwestern University
Evanston, IL 60201

CONTROLLING OF FICE NAME AND ADORESS 12. REPORT DATE

MDA12592%7

U. S. Army Research Office Feb 28, 83
Post Office Box 12211 5. NUMBER OF PAGES
Research Triangle Park, NC 27709 A

15. SECURITY CLASS. (of this report)

MONITORING AGENCY NAME & ADDRESS(I! different irom Controlling Office)

4 ([T D!C& ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

ELECTEN
MAR2 2 1983

S B

Approved for public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the sbelrect entered in Block 20, 1t different from Report)

18. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation

19. K€Y WORDS (Continue on reveree alde if necessary and identity by block number)

-

20. ABSTRACT (Centinue an reverse side N y amd identify by block mumber)

This project was an interdisciplinary effort attempting to quantify the
relationships between the electrical and magnetic properties of transition meta
oxides and their local defect arrangements. Highly specialized x~ray technique
were applied to establish defect structures in materials where electrical
properties or magnetic properties were also studied. fuantum theoretical
modelling of defect structures was also initiated,

DTIC FILE CopY

rome o

\ DD . £OITION OF 1 NOV 68 1S OBSOLETE UNCLASS IF 1 ED
- ™ GE (When D Entered)
P 1 1 43(::”-" CLASSIFICATION OF TWIS PAGE oia En

85, o~ 4

- . . J R W S . e




- Ty
) B SAAR LRI AR
. P B P . Vo

IRt 2. A0l e Ll diig Sdihd lr'r.."y

A}

| TR I

LU T UV S U Vg

BRI LCRMMCI R D -’.‘: R
AU &

- 4 <
LTS,

SR S o

R TR M . e -
ARSI N

DEPARTMENT OF MATERIALS SCIENCE AND ENGINEERING
THE TECHNOLOGICAL INSTITUTE
NORTHWESTERN UNIVERSITY
EVANSTON, ILLINOIS 60201

Final Report to
U. S. Army Research Office

for Research on

LOCAL DEFECT ARRAYS AND PROPERTIES OF OXIDES
Grant No. DAAG29-80-C003S

Principal Investigators

J. B. Cohen
Frank C. Engelhart Professor of
Materials Science & Engineering

D. E. Ellis
Chairman, Dept. of Physics & Astronomy,
Professor of Physics and Chemistry

M. E. Fine
Walter P. Murphy Professor of
Materials Science & Engineering

T. 0. Mason

Assistant Professor of
Materials Science & Engineering

February 28, 1983

o e e W e e Ve Tra TR T e,
> LI . LIS Tt




Y

STATEMENT OF THE PROBLEM STUDIED

As stated in the original proposal, this project was an
interdisciplinary effort attempting to quantify the relationships between the
electrical and magnetic properties of transition metal oxides and their local
defect arrangements. Highly specialized X-ray techniques were applied to
establish defect structures in materials where electrical properties or

magnetic properties were also studied. Quantum theoretical modelling of defect

structures was also initiated.

IMPORTANT RESULTS

A. Techniques.

Via simulation of EXAFS patterns for FeO, VO, stabilized ZrO, and W-doped
VO,, it was found that it is generally not possible to distinguish defect
clusters from random arrays of defects. This is an important result, due to
the great interest in the community for employing EXAFS to probe local defect
arrays in oxides. It implies that, at this moment, we can rely only on
analysis of diffuse scattering to provide detailed information on local defect
arrays in oxides. In the predecessor to this grant, we had derived for the
first time the general equations for diffuse scattering from oxides. We have
now learned to solve these equations without approximation directly from
measurements. This is a unique capability, not presently possible elsewhere,
which allows as complete information on oxide defect arrays as has only
heretofore been possible for binary metallic systems.

Another highlight of our research has been the development of a technique
to discriminate conduction mechanisms in transition metal oxides. The
technique involves analysis of conductivity at fixed thermopower as opposed to

fixed stoichiometry. It permits an activated mobility (characteristic of small




éolaron conduction) to be unambiguously established.

B. Studies of Oxides
1. 2r(Ca,¥)0Op_y

Via diffuse X-ray scattering we have shown that the two main features
of the local ionic arrangements in these materials are "rods" of stabilizing
cations along <332> directions and the fact that oxygen vacancies are near-
neighbors to these cations. The high anionic conduction may be due to the
*guiding” of the anions along the rods of solute cations.

2, W-doped VO,

Earlier work by M. E. Fine and co-workers had shown that the curvature
in M-H data at low fields might be interpreted as due to W-rich clusters. Our
high field data mitigates against this interpretation. Subsequent small angle
X-ray scattering showed no evidence of clustering. What the magnetic data does
suggest is that each W atom breaks a vitoydt homopolar bond along the c-axis
and transfers two 3d electrons to its two nearest V4* neighbors, forming v3+*-
w6+ and v3*-v4* pairs. This has since been confirmed via near-edge Vg and Wy,
X-ray absorption studies. The change in bonding may explain why the
semiconductor-insulator transition temperature decreases with W doping.

3. Co0

High precision thermopower measurements confirm Véo and véo, charge
compensated by electron holes, to be the majority defects. However, at the
larger deviations from stoichimetry, significant departure from point defect
ideality occurs. This may indicate the same type of clustering as seen in FeO,
and which has been predicted for vacancy concentrations exceeding 0.1 percent.
In addition, our analyses show CoO to be a band-type semiconductor. Both
findings are important when it is recalled that CoO has long been believed to
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be a small polaron conductor exhibiting "ideal” point defect behavior.
4. FeO
Our re-analysis of existing conductivity and Seebeck coefficient data
showed that the electrical behavior could be explained by small polaron
conduction of electron holes along networks of near-cluster iron cations. When
analyzed at constant Seebeck coefficient, the electrical conductivity exhibits
a composition-independent activation energy of hopping.

C. Theoretical Studies

Theoretical studies have been carried out on the electronic structure,
optical and X-ray spectra, and chemical bonding of selected transition metal
oxides. The effects of both oxygen and metal-site vacancies on the metal
valency have been studied, and the nature of potential vacancy-site bound
states has been explored. The modification of X-ray emission near the K-edge
of the metal due to first and second neighbor vacancies has been calculated and
compared with experiment for VO, and TiQ, rocksalt-structure compounds. The
variability of metal valency in the inverse spinel Fe304 has been studied,
using molecular cluster techniques. Although the iron A-site and B-site
magnetic moments are calculated in good agreement with neutron and magnetic
susceptibility data, we find that the classical Fe(2+) and Fe(3+) free ion
configurations are not a very good description of the effective atomic
configurations. It appears that covalent charge-sharing between metal-3d and
ligand-2p states is an essential feature of the bonding mechanism. Theoretical

algorithms are being developed to help to determine the energy of formation,

and activation energies for diffusion of lattice vacancies.
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